A retrospective study was performed to elucidate the process of left ventricular aneurysm formation and its influence on left ventricular enlargement based on serial two-dimensional echocardiographic observations from 150 consecutive patients with first acute anterior myocardial infarction. Echocardiograms were available and interpretable through the entire period of observation in 68 patients. Because of early death in 13 patients, echocardiograms of 55 patients, 22 with and 33 without aneurysm, were analyzed from 1 to 28 days after infarction. Patients with aneurysms were separated into two groups with large (group 1, 11 patients) and small aneurysms (group 2, 1 1 patients) on the basis of ratios of aneurysm to overall left ventricular circumferential length [Lcf-LV(RAO)l and area [Area-LV(RAO)], i.e., Lcf(An/LV)-RAO and Area(An/LV)-RAO, respectively, in the right anterior oblique equivalent view at the time of aneurysm formation, with reference to Forrester's subset. Group 1 consisted of patients with Lcf(An/LV)-RAO of 0.4 or greater or Area(An/LV)RAO of 0.3 or greater while group 2 included patients with Lcf(An/LV)-RAO less than 0.4 or Area(An/LV)-RAO less than 0.3. In the test for time trend in these groups with a one-way analysis of variance, Lcf-LV in RAO equivalent and apical four-chamber views and Area-LV in apical four-chamber view effectively separated group 1 from groups 2 and 3 (without aneurysm) with significance (p < .005, p < .01, and p < .01). In group 1 the incidence of heart failure was significantly higher than that in groups 2 and 3 (77.8% vs 0% and 21. 1%; p < .001, p < .001), and the mortality was high compared with that of the other two groups (38.7% vs 8.3% and 13.2%) showing statistical significance only with group 3 (p < .05). The present criteria for separating patients with left ventricular aneurysm seem useful in predicting future left ventricular enlargement and developing clinical prognosis even at the time of aneurysm formation. Circulation 72, No. 2, 280-286, 1985. LEFT VENTRICULAR aneurysm is a frequent complication associated with acute myocardial infarction and is often the cause of heart failure, intractable arrhythmias, and mural thrombus of the left ventricle. 2 Early diagnosis of this aneurysm is important for the management of the disease, including preload and afterload reduction and surgical intervention.' Although there are several reports on two-dimensional echocar-
diographic detection of left ventricular aneurysms,4--6 only Eaton et al.] provided data on the process of left ventricular aneurysm formation. They studied 28 patients with acute transmural myocardial infarction during the first 2 weeks after infarction by serial twodimensional echocardiography, but quantitative analysis was not performed with regard to the degree of expansion of infarct. A clinical review of over 150 patients with first acute anterior myocardial infarction indicated the necessity of a tight retrospective and chronologic analysis of the left ventricular size of these patients with regard to the presence and especially to the size of the left ventricular aneurysm. The consensus was that large left ventricular aneurysms affected successive dilatation of the left ventricle in these pa-tients. Therefore two-dimensional echocardiographic observations of the left ventricle were performed in patients with first acute anterior myocardial infarction from days 1 to 28 after infarction. Based on these observations, the study continued toward quantitative estimation of the size of the left ventricular aneurysm and its influence on left ventricular enlargement and clinical prognosis.
Materials and methods
Patients. Two-dimensional echocardiographic examinations during the period from January 1, 1980, to January 1, 1983 , were reviewed in 150 consecutive patients with first acute transmural myocardial infarction, who were admitted within 24 hr of the onset of symptoms. Interpretable two-dimensional echocardiographic recordings were obtained through the entire period of observation in 68 patients. Thirteen of these 68 died within 28 days of infarction; thus serial two-dimensional echocardiography covering all five stages of examination was performed in 55 patients. Forty-eight of these 55 patients and 105 of the total 150 patients underwent left ventriculography in the right anterior oblique (RAO, 30 degrees) and left anterior oblique (LAO, 60 degrees) projections approximately 40 days after infarction.
Two-dimensional echocardiography. Serial two-dimen-sional echocardiograms were recorded on days 1, 3, 7, 14, and 28 after infarction. On each day two-dimensional echocardiograms in the RAO equivalent view (in 55 cases), the short-axis view at the papillary muscle level (in 51 cases), and the apical four-chamber view (in 33 cases) were recorded on 8 mm movie film with a Hitachi 10-A, 72 degree phased-array echocardiograph. The smaller number in studies in the apical-four chamber view was due to the late inclusion of this view in the examination. In this study an echocardiographic aneurysm was defined as an outward bulging of the left ventricular wall with hinge points occurring during both systole and diastole (BCD in the left panel of figure 1 ).4 5The presence of left ventricular aneurysm and its extent were examined on each day of examination. Quantitative measurement of sizes of the left ventricle and left ventricular aneurysm. For a quantitative assessment of sizes of the overall left ventricle and left ventricular aneurysm, six indexes as shown in the left panel of figure 1 were obtained by tracing the endocardial contour of the RAO equivalent view of the left ventricle in end-diastole. Left ventricular circumferential length [Lcf-LV(RAO)] was measured around the left ventricle from the aortic root to the posterior mitral valve ring (ABCDE in the left panel of figure 1 ) with a curvemeter. In patients with aneurysms the circumferential length of the aneurysm [Lcf-An(RAO)] was measured around the aneurysm between two hinge points in end-diastole (BCD in the left panel of figure 1 ) and the ratio of Lcf-An(RAO) to Lcf-LV(RAO) [Lcf(An/LV)-RAO] was calculated.
RAO equivalent view (RAO)
Apical In apical four-chamber and short-axis views, the circumferential length and area of the overall left ventricle were measured similarly to those in the RAO equivalent view as shown in the center and right panels of figure 1.
Statistical analysis. All measurements were performed by two independent observers and each observer made duplicate readings. Interobserver and intraobserver variabilities were examined for measurements in the RAO equivalent view. Testing for interobserver variability of the qualitative assessment of the presence or absence of aneurysm was done by the McNemar test on each day of examination (5 points). The judgment of the two observers coincided well and no significant difference was found. Interobserver and intraobserver variability in the quantitative assessment of circumference and area measurements of the left ventricle and aneurysm were examined by the paired Student t test for duplicate reading on each day examined by each observer [5 points of Lcf-LV(RAO) and Area-LV(RAO) and 5 points of Lcf-An(RAO) and Area-An(RAO), 20 points in total], and no significant difference was observed in interobserver or intraobserver variabilities.
Statistical comparison over time for each group with large aneurysm, with small aneurysm, and without aneurysm was performed with three different echocardiographic views by a one-way analysis of variance.' Statistical comparisons for age and cumulated release of creatine kinase were performed by the unpaired Student t test, and those for sex, presence of heart failure, and short-term mortality by Fisher's exact probability test because of the small sample of patients. A p value of .05 or less was considered statistically significant.
Results
Frequency, time. and site of left ventricular aneurysm formation. Formation of left ventricular aneurysm was observed in 30 of 68 patients in whom interpretable echocardiograms were available (44.1%). The incidence of aneurysm was much lower by contrast left ventriculography (23 patients, 21.9%), which was performed in 105 of 150 patients. Aneurysm formation was observed in seven patients on the first day after infarction, in nine on day 3, in nine on day 7, and in *~~~~Iofwt r~A nalysis of the temporal pattern of enlargement was performed by a one-way analysis of variance on indexes of Lcf-LV and Area-LV in three echocardiographic views for three groups (table 3) . As shown, a significant statistical difference in trend was observed specifically for group 1 in Lcf-LV in the RAO equivalent view and in Lcf-LV and Area-LV in the apical fourchamber view. In Area-LV in the RAO equivalent view and Area-LV in the short-axis view a significant difference was observed between groups 1 and 3. In Lcf-LV in the short-axis view all groups showed statistically significant differences. Clinical comparison of three groups with and without aneurysm. Age, sex, cumulated release of creatine kinase, presence of heart failure, and short-term mortality were compared for the three groups of patients (table  4) . A statistically significant difference was observed between groups 1 and 3 for age (p < .05), sex (p < .05), presence of heart failure (p < .001), and mortality (p < .05). Between groups 1 and 2 a significant difference was observed for the presence of heart fail- AGroup 1, patients with large aneurysm with Lcf(AnlLV)-RAO 0.4 and Area(AnILV)-RA0 > 0.3; group 2, patients with small aneurysm with Lcf(An/LV)-RA0 < 0.4 and Area(An/LV)-RA0 < 0.3; group 3, patients without aneurysm. ure (p < .001). Clinical comparison of the group of 13 patients who died within 28 days of infarction is also included in table 4 and data are listed individually in table 5. The possibility of the above listed clinical parameters as contributors to mortality was analyzed between surviving and nonsurviving patients in groups 1 and 3 (there was only one nonsurviving patient in group 2). In group 3 a significant difference was observed between surviving and nonsurviving patients in cumulated release of creatine kinase (1090 + 96 vs 3693 + 871 IU; p < .001) and presence of heart failure (12.1% vs 80.0%; p < .005).
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Discussion
Eaton et al.7 studied 28 patients early after acute transmural myocardial infarction and recognized disproportionate dilatation of the infarct zone in 29% of them by sequential two-dimensional echocardiograms, with a cutpoint of 2 SDs above the mean for a normal value. They observed that eight patients with infarct expansion showed a significant overall left ventricular dilatation of 25.3%, and 20 patients without infarct expansion showed an insignificant dilatation of 5.2%. However, they did not perform a quantitative study with regard to the degree of expansion of infarct. We have performed a quantitative study based on the relative size of echocardiographically determined left ven-ventricular aneurysm formation and especially the influence of size of left ventricular aneurysm on left ventricular enlargement were analyzed quantitatively by serial observation of two-dimensional echocardiograms from days 1 to 28 after infarction.
An effort has been made to quantitate the size of ventricular aneurysm by Barret et al.5 using an echocardiographic technique of calculating residual myocardium. In our study Lcf(An/LV)-RAO and Area (An/LV)-RAO were used as indexes to represent the relative size of aneurysm against the overall size of the left ventricle and to investigate the influence of aneurysm size on left ventricular size. The degree of left ventricular enlargement was found to be influenced by the size of left ventricular aneurysm at the time of its formation.
In the test for trend, group 1 patients showed significant differences in all indexes measured. Group 2 patients showed no significant differences in these indexes except in Lcf-LV in the short-axis view. Group 3 patients showed significant differences in Area-LV in the RAO equivalent view and Lcf-LV and Area-LV in the short-axis view. Group 1 was separated best from the other groups by the apical four-chamber view followed by the RAO equivalent view. These two echocardiographic views were suitable for detecting the temporal enlargement of left ventricular aneurysm be- ADegree of freedom for test, 1 and n-1 were used instead of (5-1) and tricular aneurysm. In this study the process of left was performed in 105 patients afid aneurysm formation was observed in 23 (21.9%). This frequency of aneurysm formation was within the range reported by other investigators." 2 9. 10 In 68 patients for whom serial echocardiographic studies were possible, left ventricular aneurysm formation was observed in 30 (44.1%). This frequency seems biased by the fact that there was a greater chance for patients with aneurysm to be included in the present serial echocardiographic study because of the large acoustic window produced by the aneurysm near the apical region. The risk period for aneurysm formation ranged from day 1 to day 14 after infarction. Although Eaton et al.7 reported that expansion began approximately 3 days after infarction, in our observation seven patients had evidence of aneurysm on the first day, nine on the third, nine on the seventh, and five on the fourteenth day.
Parmley et al."1 carried out a study to elucidate the expandable nature of surgically removed human ventricular aneurysms. In established fibrous and stiff aneurysms examined more than 9 months after myocardial infarction, an average increase of only 2.4% in circumference in systole was observed. In muscular, compliant aneurysms examined less than 6 days after infarction, however, an average increase of 14.6% in circumference in systole was observed. This extensibility is consistent with our observations that left ven-tricular aneurysms developed within 2 weeks after infarction and that these aneurysms expanded gradually through our observation end point of 28 days after infarction. The overall enlargement of the left ventricle was caused by the selective topographic dilatation of the aneurysm itself as observed by us and Eaton et al. 7 Even in our study, with a larger number of patients compared with that of Eaton et al.,' no statistically significant difference was observed between infarct size, estimated from the cumulated release of creatine kinase, and aneurysm formation.
With the advent of real-time two-dimensional echocardiography, serial noninvasive observation of early pathophysiologic changes of acute myocardial infarction has become possible. We were able to determine time of left ventricular aneurysm formation and the influence of aneurysm size on overall left ventricular enlargement, which had been indeterminable in the surviving patients. With reference to the hemodynamic classes of Forrester's subset, the present indexes for quantitative representation of aneurysm size proved useful in predicting left ventricular enlargement even at the time of aneurysm formation. The patients with large left ventricular aneurysm assigned to group 1 showed a significantly high presence of heart failure compared with those with small or no aneurysm. Thus the cutpoints of 0.4 and 0.3 for the ratio of aneurysm size against total left ventricular circumference and area were found to be useful for identifying patients with aneurysms. However, because these points for separating patients with large and small aneurysms were chosen retrospectively, the values of these points for separation should be further confirmed. Our results may provide a basis for altering conventional management of patients with left ventricular aneurysms and will contribute to the improvement of prognosis.
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